A metal impregnation method using tannic acid and osmium tetroxide was reported previously for direct scanning electron microscopy of biological specimens (MURAKAMI, 1973) . That method, however, has been insufficient for observation at high magnification because of poor contrast of the scanning images obtained.
For correcting this deficiency a revised technique will be described in this paper.
Materials and Methods
Small blocks of the kidney and other organs were taken from adult rats, which had been perfused arterially with Ringer solution and with 0.1M phosphate buffer containing 2% glutaraldehyde (pH 7.4). The blocks were further fixed for 28hrs in 2% glutaraldehyde in a phosphate buffer (pH 7.4). The fixed spcimens were soaked for 16hrs in distilled water containing 2% arginine hydrochloride, 2% glycine, 2% sodium glutamate and 2% sucrose (pH 6.2), rinsed for 30min or more in distilled water, and immersed for 24hrs in 2% tannic acid in distilled water (pH 4.0). The specimens were then washed thoroughly in distilled water, stained for 6hrs in 2% osmium tetroxide and again washed thoroughly in distilled water.
The specimens thus treated were dehydrated through a graded series of acetone, dried in air and observed, without any coating, under the scanning electron microscopes (JSM-2, JSM-U3) using an accelerating voltage of 25kV.
Results and Discussion
The specimens treated by the revised tannin-osmium method described above could be viewed directly in the scanning electron microscope with an accelerating voltage of 25kV (Fig. 1 ). Charging effect was inconspicuous at magnifications as tained from the metal-coated specimens (Fig. 2) . No marked contamination of the specimens was noticed.
It is obvious that the revised tannin-osmium method, in which osmium staining is enhanced by the use of amino acids and sucrose before the treatment with tannic * Part of this study was presented at the 2nd Japanese Scanning Electron Microscope Symposium held in Kyoto, Japan (September 23-24, 1973) . acid, has a great advantage over the original tannin-osmium method (MURAKAMI, revised tannin-osmium method is also of much value in the microdissections within or outside the scanning electron microscope (cf. MURAKAMI, 1973) . As each deeper part or segment of the specimens prepared by the revised technique was sufficiently impregnated with osmium, the surfaces newly exposed by microdissections could readily be observed without any coating and their images were also adequately conSome attempts to eliminate coating or to increase conductivity of the biological specimens for scanning electron microscopy have been made by dipping the specimens in glycerin or in solutions of gold, iodine, lead, and other metals (IDLE, 1971; PANESSA and GENNARO, 1973) . The revised tannin-osmium method, assuring direct observation at high magnification, will be much more useful than those of previous (cf. PANESSA and GENNARO, 1973) . PFEFFERKORN (1973) indicated that treatment with osmium vapor was useful for increasing conductivity of organic samples. In our experiments the biological specimens treated with osmium vapor were only suitable enhanced by posttreatment with vaporized formaldehyde (cf. MURAKAMI et al., 1973 ).
The present study shows that the use of amino acids (or peptides) and saccharides before treatment with tannic acid (or polyhydroxyphenyls including catechin) markedly enhances the osmium staining of the biological specimens.
Although the exact reacting mechanism is not known, it may be that arginine, glycine, glutamic acid and sucrose used in this study permeate into the tissues to enhance the reaction of tissues with tannic acid by acting together with tissue-elements such as proteins and polysaccharides. Especially arginine (basic amino acid) may react upon glutaraldehyde on one hand and upon tannic acid on the other hand to mediate the formation of tissue-glutaraldehyde-arginine-tannic acid complexes. This enhanced reaction of tissues upon tannic acid will cause a much more intensive osmium impregnation than in the original tannin-osmium method (MURAKAMI, 1973) , thus increasing conductivity and secondary electron emission of the specimens and affording direct scanning electron microscope observation at such a high magnification as used in Figure 2 . Amino acids left unreacted with tannic acid will directly react with osmic acid to keep osmium within the tissues. method can be scanned without marked charging effect even at this high magnification, though the images are less contrasted than those obtained from the metal-coated specimens. S secondary process of glomerular podocyte.
tannin-treatment is always necessary when the specimens are treated with arginine. Formalin is also useful as fixative. ECHLIN and HYDE (1972) who extensively discussed advantages of metal coating seemed to be in doubt about the specific utility of uncoated specimens in scanning electron microscopy.
In contrast to these authors, however, we are of a different opinion. As clearly shown by PANESSA and GENNARO (1973) , evaporated metals mask surface details and limit information.
The revised tannin-osmium method will be highly useful for avoidance of such metal coating as well as for elimination of undesirable charging effects during microdissections within the scannning electron microscope which are now being attempted (cf. MURAKAMI, 1973) .
The specimens prepared by the revised tannin-osmium method could also be viewed directly in the field emission type scanning electron microscope with an accelerating voltage of 20kV and adequately contrasted images were obtained at magniwith this new type scanning electron microscope and affords routine observation of surface fine structure free of the masking by metal coating. Fig. 3 . A scanning electron micrograph of a block of rat kidney, whose osmium staining was enhanced by the sole use of arginine before treatment with tannic acid (see text). Accelerating
